Introduction {#S0001}
============

Cisplatin (*cis*-diamminedichloroplatinum, cis-Pt) is a non-organic complex, where the central atom is divalent platinum. The anti-neoplastic activity of the compound is conditioned by the spatial layout of chlorine atoms in cis position. The molecular formula of cisplatin is Cl2H6N2Pt (MW 300.05) and the structure is provided in [Figure 1](#F0001){ref-type="fig"}. The chemotherapeutic belongs to the group of cycle-specific and phase-non-specific drugs. However, the effects of formation of cross-links with DNA are most marked during the S-phase of the cell cycle. Cisplatin is a potent anti-tumour drug. Cisplatin-based combination chemotherapy regimens are currently used as a front-line therapy in the treatment of testicular cancer, ovarian germ cell tumours, epithelial ovarian cancer, head and neck cancer, advanced cervical cancer, bladder cancer, mesothelioma, endometrial cancer, non-small cell lung cancer, malignant melanoma, carcinoids, penile cancer, adrenocortical carcinoma and carcinoma of unknown primary \[[@CIT0001]--[@CIT0003]\]. The anti-cancer activity of cisplatin is partly attributed to the formation of inter- and intra-strand cross links in DNA, which inhibit gene transcription and DNA replication, thereby blocking protein synthesis and cell proliferation \[[@CIT0004]--[@CIT0006]\].

![The chemical structure of cisplatin](WO-16-19734-g001){#F0001}

Cisplatin must be diluted in sodium chloride infusion. Because of the risk of precipitation, storage at room temperature, even for extended periods, is recommended. The chemical stability of cisplatin solution also depends on its pH and the influence of sunlight. The preferable pH of the solution of proved stability ranges between 3.5 and 5.5. Cisplatin is also relatively sensitive to light \[[@CIT0007]\].

The purpose of this study was to determine the extended chemical and physical stability of cisplatin in concentrate in glass vials and diluted in polyethylene (PE) bags at normal in-use concentration in saline.

Material and methods {#S0002}
====================

The research was done at the Department of Clinical Pharmacy and Biopharmacy, Poznan University of Medical Sciences, Poland.

Reagents {#S20003}
--------

Cisplatin was purchased from LGC Standards (Łomianki, Poland), HPLC grade acetonitrile from Sigma-Aldrich and methanol from Merck. Water used in the mobile phase was deionised, distilled and filtered through a Millipore system before use. Vials containing cisplatin concentrate 1 mg/ml (batch number 09J29QE) were supplied by Teva Pharmaceuticals Polska, Warsaw, Poland. The 1000 ml polyethylene (Viaflo^®^) infusion bags, containing 0.9% sodium chloride (batch number 10D25E9U), were purchased from Baxter Polska, Warsaw, Poland.

Chromatographic assay method {#S20004}
----------------------------

The concentration of cisplatin was carried out by means of a high performance liquid chromatographic (HPLC) method with UV detection, which was a modified version of the method developed by M. Pujol Cubells *et al*. \[[@CIT0008]\]. The high-performance liquid chromatographic (HPLC) system (Alliance, model 2695; Waters Association, Milford, MA, USA) was used with a DAD (Diode Array Detector) (model 2487; Waters Association) and a data acquisition and processing module (Empower Pro Software; Waters Association). Separation was achieved by isocratic elution of the mobile phase, acetonitrile : water (90 : 10, v/v), pH = 9.18, at a flow rate of 2.0 ml/min through a Spheriosorb NH~2~ column (250 mm × 4.6 mm I.D., 5 μm particle size) (Waters). The column temperature was maintained at 25°C, the UV--Vis detection wavelength was set at 210 nm, and the injection volume was 50 μl. The total analysis time for each run was 6 min.

Standard preparation {#S20005}
--------------------

Stock solution of cisplatin was prepared from accurately weighed (24 mg) pure powder dissolved in water (10 ml). The solution was kept at 4°C. Working standard solutions were prepared by appropriate dilutions of the stock solution in 0.9% NaCl to obtain concentrations across the range of 0.03--1.2 mg/ml. Quality control (QC) samples were prepared freshly on each day of the experiment.

Calibration curve {#S20006}
-----------------

The calibration curve was constructed from plots of peak area versus concentration. The linearity of the method was evaluated at seven cisplatin concentrations varying from 0.03 mg/ml to 1.2 mg/ml and three-fold injections.

Intra-and inter-day precision and accuracy {#S20007}
------------------------------------------

To evaluate the intra- and inter-day accuracy and precision QC standard samples at three concentrations were prepared and determined by quantitating five replicates on the same day and on 3 consecutive days. [Table 1](#T0001){ref-type="table"} shows intra- and inter-day precision (CV%) and accuracy of this assay method. The precision of the method at each concentration was calculated as the relative standard deviation of the mean (CV) using the following equation:
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###### 

Intra- and inter-day accuracy and precision of cisplatin (*n* = 5)

  QC Sample   Concentration (mg/ml)   Mean SD (mg/ml)   Accuracy (bias %)   Precision (CV%)
  ----------- ----------------------- ----------------- ------------------- -----------------
  Intra-day                                                                 
   LQC        0.06                    0.058 ±0.002      -- 3.3              3.6
   MQC        0.30                    0.332 ±0.011      10.7                3.5
   HQC        0.96                    1.029 ±0.022      7.2                 2.2
  Inter-day                                                                 
   LQC        0.06                    0.060 ±0.003      0.0                 5.6
   MQC        0.30                    0.327 ±0.011      9.0                 3.4
   HQC        0.96                    1.091 ±0.040      13.6                3.7

LQC -- low quality control, MQC -- medium quality control, HQC -- high quality control

Accuracy was measured as the percentage difference from theoretical according to the equation:
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Limit of detection (LOD) and limit of quantification (LOQ) {#S20008}
----------------------------------------------------------

LOD was defined as the analyte concentration giving a signal to noise ratio of 3 : 1. For cisplatin this was 9 μg/ml. The LOQ was defined as the analyte concentration giving a signal to noise ratio of 10 : 1. For cisplatin this concentration was 30 μg/ml.

Preparation of cisplatin infusions {#S20009}
----------------------------------

All cisplatin infusions were prepared under EU Class A conditions, in accordance with the principles of Good Pharmaceutical Manufacturing Practice. Cisplatin infusions at nominal concentrations of 0.1 mg/ml were prepared in 0.9% sodium chloride (1000 ml) in PE bags. Each of the abovementioned infusions was stored, well protected from light, in green polythene overwraps, at room temperature (21.7 ±1.3°C). Samples were analysed immediately after preparation (t = 0) and at the following scheduled time intervals: t = 1, 2, 3, 7, 14, 21, 28, 30 days. The concentration of cisplatin in the analysed samples was calculated by using the calibration curve y = ax + b.

Visual inspection {#S20010}
-----------------

Infusions were visually inspected under standard laboratory lighting against dark and light backgrounds for changes in clarity, colour, and presence of particulate matter.

Results and discussion {#S0011}
======================

The calibration curve of the peak area versus concentration was found to be linear over the evaluated range from 0.03 to 1.2 mg/ml in 0.9% NaCl. The calibration equation was *y* = 1.61\*10^4^ *x*+ 3.54\*10^5^. The linear regression coefficient in 0.9% NaCl was *r* ^*2*^ = 0.999, and linearity was achieved in this range ([Fig. 2](#F0002){ref-type="fig"}). Intra- and inter-day precision and accuracy of the LQC (0.06 mg/ml), MQC (0.30 mg/ml), and HQC (0.96 mg/ml) were well within the acceptable limit of 10% coefficient of variation (CV%). The results of intra-day precision and accuracy (*n* = 5) are summarized in [Table 1](#T0001){ref-type="table"}. Intra-day precision and inter-day precision were acceptable with all CVs less than 5.6%. The intra-day accuracy and inter-day accuracy were also acceptable with the range of 96.7--113.6%. [Figure 3A](#F0003){ref-type="fig"}--[C](#F0003){ref-type="fig"} shows typical chromatograms obtained from a drug-free solution, concentrate and solution of cisplatin in 0.9% NaCl, respectively. The chromatograms show that the separation from matrix constituents is sufficient for reliable quantitation and no endogenous components interfered with the analyte peak. The cisplatin peak was detected with retention time of 1.895 ±0.027 min.

![Standard calibration curves for cisplatin (*n* = 3). Each curve is based on 7 calibration standards with triplicate injections](WO-16-19734-g002){#F0002}

![The chromatogram of cisplatin: a drug-free solution (A), concentrate -- 0.976 mg/ml (B) and solution of cisplatin in 0.9% NaCl -- 0.095 mg/ml (C)](WO-16-19734-g003){#F0003}

[Tables 2](#T0002){ref-type="table"} and [3](#T0003){ref-type="table"} list the percentage of intact drug remaining at equilibrium for all cases studied. Cisplatin appears to be stable for at least 30 days in concentrates and in a sodium chloride 0.9% solution at the concentration of 0.1 mg/ml. Cisplatin stability was similar both when the solutions were stored in polyethylene bags and in glass containers.

###### 

Physical and chemical stability data for cisplatin (1 mg/ml) in concentrate stored at room temperature (15--25°C)

  Temperature 15--25°C   Percentage of initial concentration at indicated time                                                        
  ---------------------- ------------------------------------------------------- ------- ------- ------- ------ ------- ------ ------ ------
  Mean                   100.0                                                   100.5   99.9    100.7   96.3   92.9    92.0   92.4   92.1
  SD                     0.0                                                     0.03    0.006   0.03    0.03   0.003   0.01   0.01   1.6
  *n*                    3                                                       3       3       3       3      3       3      3      3
  Visual appearance      pass                                                    pass    pass    pass    pass   pass    pass   pass   pass

###### 

Physical and chemical stability data for cisplatin (0.1 mg/ml) in sodium chloride 0.9% stored at room temperature (15--25°C)

  Temperature 15--25°C   Percentage of initial concentration at indicated time                                                     
  ---------------------- ------------------------------------------------------- ------ ------ ------- ------ ------ ------ ------ ------
  Mean                   100.0                                                   97.8   98.8   100.2   96.3   92.9   92.0   92.4   92.1
  SD                     0.0                                                     0.02   0.02   0.02    0.03   0.02   0.03   0.02   3.6
  *n*                    3                                                       3      3      3       3      3      3      3      3
  Visual appearance      pass                                                    pass   pass   pass    pass   pass   pass   pass   pass

Cisplatin infusion solutions in PE infusion bags are physically stable for at least 30 days. No colour changes and no haze or precipitation were observed in the test solutions during the entire storage period.

Cisplatin in a water solution without Cl^--^ ions rapidly decomposes as a result of the substitution reaction, where one or two chlorine atoms are replaced with a water molecule. In consequence, the drug concentration is reduced by 30--35% as early as 4 hours afterwards \[[@CIT0009]\]. The presence of Cl^--^ in concentration \> 0.2% has a stabilising effect on the molecule and prevents its decomposition \[[@CIT0008], [@CIT0009]\]. Therefore, cisplatin is administered as an IV infusion after dilution in 0.9% sodium chloride.

Zieske *et al*. proved that the pH value and exposure to shortwave light (350--490 nm) significantly influence the rate of decomposition of cisplatin (1 mg/ml) stored at the temperature of 22--25°C in PVC bags, glass bottles and plastic syringes \[[@CIT0010]\].

Hrubigkol *et al*. analysed cisplatin solutions in concentrations of 1.0 and 1.6 mg/ml placed in plastic infusion bags for 14 days and did not observe the influence of temperature on the rate of drug decomposition. However, increased concentrations of cisplatin in the solutions were observed, which grew along with higher temperature (25°C \< 1%, 37°C \< 3%, 60°C -- 8.2%). The phenomenon was most likely to have been caused by evaporation of the solvent \[[@CIT0011]\]. On the other hand, Mitter *et al*. proved the significant influence of temperature on the drug stability. For the solution in a concentration of 0.1 mg/ml stored at room temperature for 7 days the loss of the drug was higher (84.5 ±1.5%) than for solutions stored in the refrigerator (97.4 ±0.9%) \[[@CIT0012]\].

Cisplatin does not exhibit interaction with the materials from which the drug packages, infusion bags or other elements in contact with the cytostatic are made \[[@CIT0013]\]. Pujol *et al*. analysed a solution in a concentration of 0.166 mg/ml, which was protected from light and stored at the temperature of 30°C. The analysis confirmed its stability for 14 days in all storage containers: glass bottles (99.7 ±0.3%), PVC bags (104.6 ±1.0%), polyethylene bags (98.9 ±1.0%) and polypropylene bags (100.1 ±0.5%) \[[@CIT0013]\]. Rochard *et al*. proved the stability of cisplatin in concentrations of 0.5 and 0.9 mg/ml, which was placed in ambulatory infusion pumps made from ethylene-vinyl acetate and stored at the temperature of 22°C and 35°C for 28 days \[[@CIT0014]\]. Swell \[[@CIT0007]\] points to the stability of Teva cisplatin solution diluted to the concentrations of 0.1 and 0.4 mg/ml with a 0.9% NaCl solution, placed in PVC bags and stored at the temperature of 25°C without access to light for 28 days. Longer storage of the solution involved the potential risk of precipitation, traces of which could be observed after 35 days.

In our own research we analysed the drug in a concentration of 1 mg/ml and volume of 50 ml after opening of the original glass vial, which was stored in a hospital pharmacy at the temperature of 21.7 ±1.3°C without access to light. The concentration was measured immediately on opening of the preparation and after 24 h, 48 h, 72 h, 6, 7, 8, 9, 10, 13, 14, 15, 21, 28, 30 days. On the 10th day the average change in the concentration was 95.06%, as compared with the concentration measured immediately on opening, whereas 30 days after opening it was 92.09% ([Table 2](#T0002){ref-type="table"}). A cisplatin solution in a concentration of 0.1 mg/ml was also analysed. The solution was prepared by adding a concentrate of 1 mg/ml to a 0.9% NaCl solution and storing at the temperature of 21.7 ±1.3°C without access to light. Samples for measurements of concentrations and determination of percentage change were collected at the same time intervals as for the concentrate. After 30 days the average change in the concentration of the solution was 93.90% ([Table 3](#T0003){ref-type="table"}). A smaller loss of cisplatin in solutions diluted with 0.9% NaCl may indicate the stabilising effect of the solvent.

The confirmation of long-term stability involves the possibility to prepare drugs in advance for the whole weekend or even for the whole period of therapy without the involvement of nursing staff in the process \[[@CIT0015]\]. The aim of this action is to reduce the workload and optimal time management by pharmacists employed in cytostatic laboratories \[[@CIT0016], [@CIT0017]\].

In conclusion, cisplatin appears to be physically and chemically stable for at least 30 days in concentrate in glass containers or diluted with 0.9% sodium chloride in PE bags at a concentration of 10 mg/ml, at room temperature (15--25°C) when protected from light.
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